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m, L..,A--.T; mfiri-1 c t r r r q i  ns nf  +.he nni llwav channel at  Stewart 

Mountain Darn were conducted by t h e  personnel of the Bureau of 
: 

Iieclavation, i n  the hydraulic laboratory or1 the campus of  the 

Colorado S ta t e  College of Agriculture and &chanic Arts, a t  Fort  

Collins, Colorado. These s tudies  were b e y n  i n  b y  1935 and con- 

I pleted i n  March 1936, ancl were i n i t i a t e d  under the  direct ion of 

- -.. .. . 9 ,.. .-,-.,-.--,--- 7 p T,  lp  

These s tudies  were made i n  the hydraulic laboratory, i n  conjunc- 

I t i o n  v d t h  cowuta-tions by I&. Raymond A. H i l l  of Leeds, fill, and 

JewetJb, 10s Angeles, California,  a d  Mr. D. C. McConaughy of the  Dams 

Division; however, such computatims a re  not  included i n  t h i s  report. 

A report  of these s tudies  was begun i n  1937 under the direction 

of 3. 'iJ. Ball, and a ? r e l i d n a r y  d r a f t  was m i t t e n  by R, R. Buirgy. 

This repor t  could not be conpleted a t  t h a t  time because of more urgent 

work i n  the  laboratory. 
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SUMMARY 

1. Extension of the Stewart Mountain Dam Spillvfax 

In 1936 a concrete discharge channel, 265 f e e t  wide and 450 f e e t  

long, was b u i l t  a t  Stewart ldomtain Dam t o  replace the na tu ra l  sidechannel 

below the ogee c r e s t  of the spillway. (Figure 1.) This new channel was 

curved t o  conform t o  the  t e r r a i n  and superelevated t o  assure sa t i s fac tory  

operation at any flow condition. Ttle design was t e s t e d  and improved by 

hydraulic model s tud ies  as narrated in t h i s  report .  

The Stewart ldountain Dam (Figure 2) i s  located about 30 miles e a s t  
I 

of Phoenix, Arizona. Completed i n  1930 by the S a l t  River Valley Water 

Users Association, it was the t h i r d  dam b u i l t  i n  the S a l t  River Canyon 

below the Roosevelt Dam, and i s  dorrnstrearn from Horse &sa and Mornon F l a t  

Dams. The Stewart b u n t a i n  Dam consis ts  of a cen t ra l  arch between massive 

concrete abutments with gravi ty  sections on each s ide t o  close the  gap 

between the  abutments and the s ides  of the canyon. The height from the 

I > a  stream bed t o  mcudmum water l e v e l  i s  119 fee t ,  and a paver head of U.6 f e e t  

I b 

i s  available fo r  operating a 17,500-horsepower hydroelectric plant. In 

addition t o  power production, the dam i s  used f o r  i r r i ga t ion  storage,  

f lood control ,  and to  re-regulate re leases  from t h e  dans above t o  f i t  

i r r i g a t i o n  requirements downstrean. 



Figure 1 

A. The spillway channel b u i l t  in 1.936. 

B . T b  o r i g i d  u l  de-channel spillway. 
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a 267-foot ogee crest ,  at elevation 1506, placed between two t ra ining 

w a l l s ,  which extend uiwards t o  t h e  walkway on top  of the dam. Eight 

.. piers  3 f e e t  wide a re  placed on t h i s  c r e s t  t o  form nine openings t o  

accommodate 'nine rad ia l  gates 27 f e e t  wide by 23 f e e t  high. The 

water surface i n  the  reservoir  may thus be r e p l a t e d  betvreen elevations 

1506 and 1529, althougll during floods the water could r i s e  t o  elevation 

1535 before overtopping the dam, The topography downstream &om the 

c r e s t  forns a natural  sidechannel (Figure LB), and when the  dgn was 

bu i l t ,  fu r ther  provision fo r  re turning the water t o  t he  riverbed was 

considered unnecessary. A small wing wall  was b u i l t  t o  pro tec t  the 

ea s t  abutment of the  main arch *on scour by the  spillway discharge. 

A t  small discharges, there  was a concentration of flow from this 

na tura l  sidechannel around the e a s t  abutment of t he  arch indicat ing 

t h a t  large discharges would endanger the  structure regardless of the 

protect ive wing Any undercutting a t  the  abutment would be 

especial ly  serious, f o r  t he  main arch of the was designed with 

high unit; s t resses  and t h e  safety of the dam depends upon the  s t a b i l i t y  

of the abutment. Lloreover, a large discharge over t h e  spillway 

would wash s o i l  and rocks from the banks of the s idechamel  i n t o  t he  

riverbed, iqcreasing the tailvrater elevation a t  the  povrerhouse and 

reducing the available porrer head. It would even be possible  t o  wash 

I - *  
a bar across the r i v e r  and flood the powerhouse. 

2. Tne Proposed Spillway Channel 

An improvement of the sp i l lv~ay  channel w a s  necessary t o  carry the 

water along the h i l l s i d e  and i n t o  the r i v e r  a t  a poinL fur ther  downstream. 



and a new channel, 265 f e e t  wide, Tias extended 450 f e e t  t o  a kmoll 

over w'nich the water could flaw (Figure 3 ) .  It mas contenplated t h a t  

erosion of this lcnoll would be negligible once the overburden was 

removed, fo r  the main rock was of granite i n  f a i r l y  good condition. 

To reach tE.s knoll, the  channel had t o  be turned. through ap a rc  of 

about 32O. A t  the same time, the drop was from elevation 1506 a t  the 

c r e s t  t o  approxintately elevation 1475 at  the  end of the  channel. 

The channel .was designed f o r  a maximum flood of lb0,000 second-feet, 

and for smaller discharges when the flow was unbalanced, such a s  operation 

with onc? gate only. The design was fu r the r  complicated by the  f a c t  

t ha t  the channel i;urned through an arc,  thus  the f l o o r  had t o  be 

super elevated t o  rain.kLn a unif  arm water  depth t o  avoid the construction 

of unreasonably high sidewalls. A channel, superelevated t o  handle a 

discharge of 140,000 second-feet, my be unsatisfactory i f  a s ingle  gate 

i s  opened, for tale water may flow t o  the lower s ide  of t h e  super- 

elevated curve, s t r i k e  and overtop the lower sidewall. While it was 

possible t o  prepare an ana ly t ica l  design of a spillway channel w i t h  the 

degree o f  superelevatioll necessary f o r  a maximum flood, the  ac tua l  

success of the spillway operation was uncertain because of the above 

conditions. A hydraulic model study was necessary t o  check and improlre 

the proposed spi 1:vray channel, 

The Sterrart Eiountain Spillway vms e o q l e t e d  i n  1936, short& a f t e r  

the t e s t s  were conpleted. Since then, t o  the hovrlcdgc of the laboratory 

personnel, no large discharges have passed thrdugh the  sp i l l~ray ,  the 





that a small discharge or leakage through the gates f lnwing down 
I 

t he  r i gh t  s ide of the  channel has undercut the  foundation t o  some 

. . extent a t  the downstream end, and tha t  the  granite knoll  downstream 

*om the charnel has decomposed a t  the  surface. 
* 

3 .  Sumnary of the Tests 

The t e s t s  were made %it11 two models, one b u i l t  on a scale  of 1 : l O O  

aild the other a sca le  of 1:50, and the t e s t i ng  program may be considered 

a s  divided i n t o  two par ts ,  the  preliminary s tudies  and the  development 

of the f i n a l  design. 

R e  preliminary studies included four t e s t s .  The f i r s t  t e s t  

was on a 1:100 model of the or ig ina l  design with a curved superelevated 

channel i n  which general flow charac te r i s t ics  were observed. A gate 

operati.on procedure was studied, discharge capacity, water surface and 

ve loc i t ies  5n the channel measured, anci the erosion on t h e  knoll  down- 

stream observed. The second t e s t  xas on a 1:50 model of the cpest  

without the channel downstream. In  t ha t  t e s t  the crest i t s e l f  was 

studied by measurements of pressure and discharge. The t h i r d  test was 

or, the 1:100 model with chamel  downstream alined on a co.pound curve 

i n  which the sunerelevation was too steep. The fourth t e s t  was with 

a similar channel, a l ined on a corlpound curve. In t h a t  t e s t ,  the flow 

i n  the channel was studied, the hydraulic losses mastlred, and a f a l s e  

e f l oo r  and f i l l e t  placed alongside the r igh t ,  o r  inside,  w a l l  t o  reduce 

the water depth and 6 f i r 1  which formed a t  the wall. 

The f i n a l  design was developed on the 1:50 model. The channel was  

revised ad. alined on a s p i r a l  curve which became the f i n a l  design. 



flow over the  c res t  and i n t o  the charnel was improved, the  t e s t s  being 

concerned ~ 5 t h  the e f fec t s  of whg walls a t  the  upst~~eam end of the 

- piers ,  f i l l e t s  in  the  p ie r  offsets ,  a f a l s e  f loor  i n  the channel 

' alongside the r i gh t  w a l l ,  and lnodification of the  topography. upstream 

Trom the c r e s t  and determination of the  height of the channel walls. 

Tne development of the f i n a l  design included (1) modification of the 

sloping b m k  on the l e f t  s ide of the agproach channel t o  the spillway and t o  

a streanlined-shaped wing a a l l  a t  the head of the r i g h t  end p ie r  t o  

dec.rease contraction of flow a t  the end piers ,  thereby increasing the ~ discharge capacity, (2) f i l l e t s  i n  p i e r  o f f se t s  t o  smooth the, flow, ( 3 )  

a f i l l e t  on +,he channel f loor  alongside the r i g h t  wall  t o  decrease the  
i 

I depth of flow a t  t h a t  point, ~ r l c l  (4) an overhanging lip, o r  sea w a l l  a t  the 

top of this mll t o  d iver t  splash a t  t ha t  wall  hack i n t o  t he  charmel. The 

f lor: tkxough the rar ious  gates was studied' and a .gate-operating schedule 

established. Vhen the f i n a l  design was developed, discharge measurements 

were r?ade t o  es tab l i sh  ra t ing  curves for  various conditions of operation. 

The f i n a l  t c s t s  consisted in observation of splash over the  channel 

walls, and discharge measurements to note the efi'crt of the channel 

upon the capacity and measurements of the veloci ty  d i s t r ibu t ion  i n  the  

channel.. 

, 4. Results and Conclusions 

Vhile the ori.gi?al t e s t s  indicated the flow conditions which muld  

occur in the p r o t o t ~ e ,  it became apparent that the 1:100 model was too 

small for the development or" the i i n a l  design. This was  especial ly  

noticeable in the velocity measurements i n  the channel which were 



model it was conchrded tha t  erosion of the overburden on the knol l  

do~vnstream from the channel wauld have no serious consequences. 

I ~ubatmosphe+ic pressure conditions would occur on the crest ;  

however, no changes were made since t h i s  s t ruc ture  was already 

constructed. 

When it was found tha t  the superelevation of the channel was 

too &reat, it vras real ized the basic problem was t o  des im a curved 

chmnel  superelevated i n  such a manner a s  Lo keep the f low a t  a constant 

depth across the section and tha t  i t  was necessary t o  account f o r  

f r i c t i o n a l  losses. Because of the f r i c t i o n  factor,  the model s tud ies  

had t o  be in'usrpreted vrith caution. If any l a rge  difference in r e l a t i v e  

f r i c t i on  were t o  e f i s t  between the model and prototype, the superelevation 

a s  indicated by' the  model would be inadequate. No slope or f r i c t i o n  

corrections were made i n  the design of the  model, f o r  the very uncertain- 

t i e s  involved i n  f 'rictiorl correct io~ls  render them as  unlikely t o  

represent t:ne t r ue  prototype conditions as does the undisturbed model. 

I~!oreover, the channel was comparatively shor t  and the losses m r e  not 

large.  

The s p i r a l  charnel of the 1:50 model was used for the f i n a l  

design. A number of ninor a l terat ions ,  t o  improve the  flow appearance 

and the discharge capacity w a s  necessary. The pr incipal  trouble was 

the flax was too dee? a t  the r i g h t  channel w a l l  requiring an undesirably . 
high vrall. A high f i n  forrned. alone t h i s  wal l  irnmectiately downstream 

from the c res t .  These conditions were a l lev ia ted  largely by nlacing 



overhanging l i p  or sea wall  a t  the  top. Splash s t i l l  occurred i n  the 

rough flow downstream from c re s t  to  an estimated height 40 f e e t  above 

the r i g h t  wall. It i s  uncertain as  t o  what the actual  splash condition 

w i l l  be in  the prototype structure.  

Improvenents t o  increase the cbscharge capacity were based upon 

reducing the contraction of flow a t  the  n i c r s  t o  increase the e f fec t ive  

c r e s t  length. A streanlined vring wall or  p ie r  nose was placed a t  the 

f ron t  of the r i g h t  p i e r  and t e s t s  on various tries indicated this 

was probably an optimum design of w a l l  considering effect ive 

and construction costs .  From the improvements nade, i t  app 

naxinun c a p c i t y  was increased about two percent. 

THE PRELIrnARY STUDIES 

5 .  The 1:100 Model of the Original Design o f  Spillway kpral  - 
A chvlnel 271 f e e t  wide and h29.5 f e e t  long, beginning a t  the 

spillway c res t ,  was contenplated in t h e  or ig ina l  dasign of the spillway 

a?ron for Sterrart 1.1ountain Dam. The center l ine  of t h i s  channel was 

narmal to the c r e s t  a t  Station 0+00 and extended i n  a str 'aight l i n e  

t o  S ta t ion  0+17.97. It then curved on a radius of 7 4 , -  f e e t  through 

an a rc  of 33O t o  Station 4+29.50. This channel w a s  .w,perelevated 

t o  give uqiforn depth of flovr across the cn t i r a  sdction with all gates 

opened an equal amount and with the water surface in the reservoir  a t  

elevation 1529. This supcrclevated sect ion was fa i red i n t o  the ogee 

- .  c re s t  a t  approximately elevation 1492 a t  the top  or outer edge of the  

curved channel and a t  e1evat;ion 11175 a t  the lovrer edge. As the channel 

dropped i n  elevation,  the angle of superelevation increased t o  cocipensate 

for increased ve loc i t i s s .  

7 



i n  t he  Colorado Agricultural  College Experiment S ta t ion  Hydraulic 

Laboratory, Fort  Collins, Colorado. This first model included a 

a portion of the  main arch, the spillway c re s t ,  and th* adjacent topography 

extending 325 f e e t  upstrearn and 1,050 f e e t  dovrnstream from the c r e s t  
L 

( E w e  3.1). The c res t ,  gates, channel, and main arch of the dam were 

b u i l t  of sheet i ron,  t he  p i e r s  of redmod, and the topography shaped with 

sand. Xl~minu~ti paint, on the 3 t ruc tura l  pa r t s  protected them and 

in~proved the  photographic qua l i t i es .  Portions of the sand. topography 

n%ich rcpresentcd s o l i d  rock was s tab i l ized  with cenent, while t h a t  

por t ion representing overburden and s o i l  was of loose sand t o  show the 

e f f ec t s  of erosion. The forebay, representing a portion of the 

reservoir  upstrearn &on the  c res t ,  vras su f f i c i en t ly  la rge  to pe rn i t  

water t o  approach the c r e s t  i n  a uniform manner, To fur ther  assure 

this, a baff le  was placed between the forebay and the source of supply 

i n  the i1u1e upstream. The downstream sect ion of the model was extended 

t o  include su f f i c i en t  length of channel t o  determine whether mater ia l  

eroding P o n  the  b o l l  below the spillway would form a bar across the 

riverbed. The model terminated vrith an adjustable tailvrater board. 

Several features  of this model were not s imilar  t o  the  protatype 

due t o  the lack of detai led inforlnation i n  the ea r ly  stages of model 

s tudiss .  The spillway c re s t  section upstream from the c r e s t  center l ine  

. was 3 f ee t  too ~ d d e ,  the p ie rs  cx-tended 7-1/2 f ee t  too  far upstrean and 

the radius of the r a d i a l  gates was 25 f e e t  (protot3Te) instead of 20 

fee t .  These differences, as  sl~ovrn by dot ted l i n e  on Figure 3.1C vrere 





channel downstream would not be materially affected. The height of ' the  

channel ~vd1I.s was not  t o  scale ,  but was extended t o  elevation 1529, as the 

7 proper w a l l  height was t o  be determined i n  the rnodel studies.  

Instrumentation of t h i s  model included a f l o a t  gage, i n  the fore- 
*. 

bay t o  measure the reservoir  water surface, a point gage t o  measure 

tai lwater,  a movable point gage t o  observe the water surface on the 

c r e s t  and i n  the superelevated channel, and a single l e g  p i t o t  tube 

t o  measure ve loc i t ies .  Discharge was measured by a weir in the flume 

upstrean from the moddl. The movable point  gage and pi . tot  tube were 

mounted. on a channel bar, which in turn mas s e t  on two horizontal, 

p a r a l l e l  bars fastened t o  the s ides  of the flume i n  whicl~ the model 

was placed. 

.c. 
6. I n i t i a l  Studies on the 1: 100 Model 

The t e s t s  on the 1:100 model included (1) a study of gate operation 

procedures with respect  t o  flow conditions i n  the channel dawnstream, 

( 2 )  determination of spillway capacity, (3)  measurement of water surface 

and veloci ty  d i s t r ibu t ion  i n  the channel, (4) general observations of flaw 

over the spillway c res t ,  and ( 5 )  an estimate of the probable extent  of 

erosion in the r i v e r  channel d m s t r e a n .  In  these t e s t s ,  the water 

surface of the reservoir  was held a t  o r  above elevation 1529, the top 

of tile radial gates,  f o r  it was asslmed t h a t  ~ a t e r  orould r i s e  t o  t h i s  

I elevation before the gates would be opened. The degree of superelevation 

i n  the channel and this ant ic ipated operating procedure was established 

f o r  f l m  a t  ve loc i t i e s  acquired with the water surface a t  elevation 1529. 



gates the sane amount, ancl ( 2 )  open individual gates completely, the 

number depending upon the discharge. With a l l  gates open an equal 

amount, the flow was comparatively uniform i n  the channel, regardless 

of discllarge (Figure La). The only undesirable condition observed was 

the tendency t o  11iasil away the banlc downstream from the r i g h t  t rqining w a l l .  

By operating individual gates, the f l a y  through the channel appeared 

sa t i s fac tory  with con~binations of t h e e ,  f i ve ,  arid seven gates open, 

although it vras preferable t o  use the gates on the r i g h t  end of the  

c r e s t  (Figure LC(). m ~ e n  gates on the l e f t  end were opened, some f low 

crossed the channel and pi led against  the r i g h t  wall (Figure 19). 

With a l l  gates wide open, the spillway discharged 100,000 second- 

f e e t  when the water surface i n  the reservoir  was a t  elevation 1529.7. 

A s  tlle discharge increased, the  water surface continued t o  rise. A t  

a discharge of 139,200 second-feet, the  water reached the top  of the 

parapet on the reservoir ,  elevation 1535; T h i s  w a s  some 10,000 second- 

f e e t  short  of the design capacity of 150,000 second-feet. By operating 

individual gates with the water surface a t  elevation 1529, three gates 

completely opened would discharge approximately 25,000 second-f eet ,  f i v e  

gates 50,000, and seven gates 7j,000 second-f eet. R l l  tllese measurements 

were qua l i ta t ive  and no discharge coeff ic ients  were determined i n  this 

t e s t  f o r  the shape of the c r e s t  of the model was not  s imilar  t o  t h a t  

of the prototype as previously mentioned; moreover, it  was found t h a t  

the  1 : l O O  model was too snail t o  obtain precise discharge measurements. 

The t e s t s  included measurements of tlle water surface and veloci ty  

t o  ascer ta in  the appl icab i l i ty  of the theore t ica l  design of the 





sections of the channel (Figidre S.A), by p l a c i ~ ~ g  the p i t o t  tube and 

point gage a t  seven posit ions across each section (Figure SB). Water 

surface prof i les  f o r  discharges of 50,000, 1C0,000, and 139,200 second- 

f e e t  a rc  shown on Figure s ~ .  The depth of water i s  the minimuxn a t  

the inner edge of the curve, the r i gh t  side,  increasing gradually t o  

a maximum a t  the outer  edge. This condition was theoret ical ly  correct  

because the  ve loc i t ies ,  a fimction of the energy head above the channel 

f l oo r  were l e s s  a t  the higher elevations a t  the outer edge of the curve 

and. it follwrs that a greater  depth i s  required a t  the outer edge t o  

maintain uniform discharge across the  section. The veloci ty  d i s t r ibu t ion  

a t  the 14 posit ions i s  sl~arm i n  Figure SC f o r  discharges of 25,000, 50,000, 

75,000, 100,000, and 139,200 second-f eet ,  While some var ia t ion exists, 

the ve loc i t ies  are,  roughly, independent of discharge. Theoretically, 

t h i s  i s  correct  except f o r  a discharge of 139,200 second-feetwhen 

the water surface is a t  elevation 1535 instead of 1529, Uith an idea l ,  
P 

nonviscous A2uid, and riith the water surface i n  the reservoir  a t  elevation 

1529, the veloci ty  a t  any point rnay be expressed as @6h, where h i s  the 

drop from elevation 1529. Actually, f r i c t i o n a l  losses over the c r e s t  

and d m  the channel reduced the effect ive head and velocity. By 

estimating such losses ,  the design section obtained curves f o r  discharge 

Ir/ For a review of tile design of a superelevated spillway channel, 
see Laboratory Report Hyd. 74 "Flow of Water i n  Superelevated Channels 
a t  Velocit ies both Above and Beluw Cri t ical ,"  by T. G. Owen. See &so 
Qesign of Spi ra l  Spillway Chutes,!t by Rayrnond A. HiU. and D. C . McConaughy 
in C i v i l  Engineering, November 19145, Volume 15, IJo. 11, Page 499. 
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veloci t ies . fol lmr the same general pat tern a s  the computed ve loc i t ies ,  

but a r e  l e s s  indicat ing greater  losses i n  the model. An invest igat ion 

suggested t h a t  the losses  i n  the  model were so la rge  t h a t  they were 

questionable. In  f ac t ,  it was believed t h a t  the model data  should l i e  
I 

close t o  the computed values, Although the values obtained from model 

data f o r  d i f fe ren t  discharges follow s logic& pattern,  they appear 

vridel-J spread. The only l og ica l  explanation toas t ha t  the model 

I was so small t h a t  the f r i c t i o n a l  losses  i n  it loere comparatively large,  

The flow over the  c r e s t  contracted a t  t he  ends toward the center,  

rendering a portion of the spillway c r e s t  useless, If these entrance 

conditions could be improved, the discharge might be increased from a 

maximum of 139,200 second-feet t o  the desired 150,000 second-feet. 

However, any s tudies  of this nature would have t o  be done on another 

model w i t h  the c r e s t  and p ie rs  properly bu i l t .  

I 
One important f ac to r  t o  be s h m  by t h i s  sodelmas the probable 

erosion from the h i l l s i d e  t o  the r i v e ~ b e d  downstream. In the proto- 

type, the granite rock of the knoll, where the s p i l l ~ r a y  discharges, was 

covered with an overburden of s o i l  and loose rocks, A conf l i c t  of 

thought arose a s  t o  the  manner of disposing of this overburden. If 

it were permitted t o  remain, it would eventually be washed in to  the 

riverbed. The cost  of renoval would not be increased, and t h i s  method 

I would be desirable i f  a bar  were not forned i n  the r i ve r  dovmstreanl 

which would cause water t o  back i n t o  the pmerhouse. The nodel w i ~ s  run . 
a t  various discharges t o  ascer ta in  the e f f e c t  of erosion of the laloll 

upon the riverbed. The erosion pat terns  were similar,  becoming more 
/ . 



d m s t r e a m  a f t e r  a discharge of 139,200 second-feet. From this t e s t ,  

it was concluded t h a t  a bar  would not he formed which would ser iously 

.a  re ta rd  the florr of the r i ve r  belovr the powerhouse. 

T e  s tud ies  of Crest  by 1:50 Model 
8 

A spillway capacity of 153,000 seconcl-feet was desired, but the 

1:100 model of the or ig ina l  design indicated t h a t  139,200 second-feet 

was the maximum obtainable. Since this model was too small t o  permit 

precise measurements and the c r e s t  was not b u i l t  correctly,  the  or ig ina l  

1 : IOO model was removed, and a 1:50 model of the spillway c r e s t  and 

approach channel only was in s t a l l ed  ( ~ i g u r e  6 8 ) .  The p i e r s  and topo- 

graphy upstreamvrere included i n  t h i s  model, but  the reb?ulating gates, 

the spillway channel, and the topography downstream were not  included. 

Such features  were unnecessary, f o r  the purpose of this model a t  this 

stage of invest igat ions  was t o  study the properties of the  c m s t  i t s e l f ,  

the pressure dis t r ibut ion,  the discharge coefficient,  and the extent 

of contraction of flow a t  the end walls and around the piers .  The 

omission of the nine r ad i a l  gates was the equivalent of assuming tha t  

they would always be operated i n  a wide-open position. 
I 

Piezometers were i n s t a l l ed  a t  the  center of the c r e s t  t o  measure 

pressures (Figure 6 ~ ) .  The p ie rs  were removed t o  eliminate any e f f e c t  

of contraction of f l a w .  Pressure curves f o r  discharges sf 10,200, 

. 26,100, 49,900, 73,600.. 100,500, 125,500, 155,000, and 178,700 second- 

f e e t  are s h m  on Figures 6C and 6D. These curves represent the elevation 
I , 

of the  pressure on the c re s t  compared w i t h  the elevation of the-crest 

i%sel.f, and indicate  subatmospheric pressure a t  discharges greater than 



~nagnitude a re  not desirable because a i r  migllt be indrawn. per iodical ly  

between the nappe of water and c res t  i n  such a manner a s  t o  cause 

vi'oration, o r  cavi ta t ion might occur trith i ts  attendant vibrat ion and 

? i t t i n&.  Tile necessity f o r  a l t e r a t ion  of t he  c r e s t  t o  eliminate nega- 

t i v e  pressure was not indicated as they were not i n  excess of 15 f e e t  

of water. Further invest igat ion of pressures were not deemed necessary 

although unfavorable negative pressures were anticipated i n  the  proto- 
, 

f 

t j ~ c  not oriljr x i t h  tllc gates f u l l y  open, but a l so  with the gates p a r t i a l l y  

open. 

Fron the discharge coeff ic ients  obtained i n  this t e s t ,  it was indi-  
* 

cated tha t  t he  capacity of t he  spillway vlould be 150,000 second-feet 

with the reservoir  a t  elevation 1535 with the p ie rs  removed t o  eliminate 

the efiect of contraction of flow. To study the c r e s t  fur ther ,  calibra- 

t i ons  were made over a range of heads and discharges, f o r  t h e  following: 

(1) vrithout piers ,  (2) with piers,  and (3) with p ie rs  and with upstream 

topography removed t o  change the q~proacil c o d  tions. Without the  piers,  

tl l i!  c a ~ a c i t y  of the s p i l l ~ i a y  was 155,000 second-feet with the water sur- 

face a t  elevation 1533.6. - 

These f igures  have l i t t l c  significance uniess the  capacity is 

expressed as a coef f ic ien t  independent of  t he  c r e s t  length which may be 

conpwed v.it:? a s imilar  coeff ic ient  wi th  the piers  i n  place. 

Fur  flow over a r e c t a g u l a r  weir, similar t o  the Stewart Nountain 

Dam Spiiiway, the coeff ia ient  of discharge, G, nay be expressed as - 

C = where Q = discharge, L = length of the  crest ,  and R = head 
M3/2 



constant, but i n  this case it increases with head (Figure 6E). Several 

fac tors  cause t h i s  variation: The c re s t  shape, the contraction of the 

water toward the center of the nappe away from the end walls o r  piers ,  

the contraction of water avray f ron the center piers ,  and the topography 

upstream from the crest ,  A t  l a rge  discharges, the water was observed 

t o  spring f r ee  of the end walls,  both vrith and without the  p ie rs  in 

place. This natural ly  reduced the e f fec t ive  c r e s t  length, It f o l l m s  

tha t  a la rger  coeff ic ient  might be possible if t h i s  contraction were 

eliminated. The e f f e c t  of the piers  vras t o  fur ther  reduce the e f fec t ive  

c r e s t  length, and small coeff ic ients  were obtained vrith tlle p i e r s  i n  

place, as  shown i n  Figure 6E. The removal of topography upstream from 

the c r e s t  did not materially a f f e c t  the discharge capacity. This 

suggested t h a t  a change of the upstream topographyvras not necessary. 

8. Studies of the Revised 1:100 Model -_. -. C 

Upon completion of the c r e s t  studies,  the  1250 model was removed . 
and replaced by a second lrlOO model of the e n t i r e  spillway and adjacent 

topography. The c re s t  was the sane as used i n  the or iginal  l z l O O  model, 

bu t  the channel was revised. It vras d i n e d  on a co~npound curve extend- 

ing t o  Stat ion L + 50, and s e t  approximately f i v e  f e e t  lfigher than the 

channel i n  the or iginal  design ( ~ i g u r e s  7A, B, and C). Instead of 

extending the channel walls Bo the top of the gate, elevation 1529, as 

w a s  done before, the rigll t  w a l l  vras only 111 f e e t  above the cl~annel f l oo r  

and the l e f t  o r  outside wall  exfended t o  elevation 1522.28. The spillway 

c re s t ,  which was incorrect ly  b u i l t  i n  the  or ig ina l  l r l O O  nodel, was  not 

changed, Su t  new piers,  properly proportioned, were used (Figure ?D). 







flow a t  the end piers .  

Tests on t h i s  model consisted of: (1) observations of flow i n  

the channel a t  several  discharges and various gate opening combinations, 

(2 )  observation of the  erosion of the knoll upon which the channel 

discharged, (3 )  2 comparison of the spillway capaciaty with t h a t  of t he  

or iginal  11100 model t o  show the e f f ec t  of r a i s ing  the channel f loor ,  and 

(4) i n s t a l l a t i o n  of the  several  types of p i e r  extensions t o  improve 

the flovr passing over t h e  cres t .  The model vras operated. a t  discharges 

of 25,000, ~0,000,7~,000,100,000,and 131,800 second-feet* The water 

surface was held a t  elevation 1529 f o r  the  smaller discharges and a t  

1535 f o r  the rn;~xinnm discharge. The t e s t s  were made w i t h  all  gates 

equally open and w i t h  individual gates opened wide, the  number depending 

upon the discharge. W i t h  a l l  -gates open a.n equal amount, there w a s  a 

tendency f o r  the  water t o  shift t o  the r i g h t  s ide of the  channel overtopping 

the 14-foot w a l l  a t  discharges greater than 75,000 second-feet ( ~ i g u r e  $A). 

This indicated t h a t  the  de$ree of superelevation was too great  f o r  the  curva- 

ture,  and t h a t  the channel would not be sat isfactory.  Another undesirable 

condition was a high fin alongside the r i g h t  w a l l  immediately downstream from 

the c r e s t  ( ~ i  y r e  8B). Operation with individual gates wide open i n  groups 

of three,  f ive ,  and seven gave flow pat terns  i n  the  channel s imi la r  t o  

those observed i n  the  or ig ina l  design ( ~ i g u r e s  LC and D) except f o r  the  

tendency of the water t o  flow against  the r i g h t  wC?ll. The flow' w a s  

undesirable when t he  gates on the left end of the c r e s t  were opened. 

Water crossing the channel p i led  against  and overtopped the  r i g h t  w a l l .  





the prototype because the ear th  f i l l  alongside the wall would wash away 

and the channel foundati80ns undermined. In the model, loose sand, 

representing overburden, was washed i n t o  the riverbed, not  only from 

the l n o l l  a t  the channel ex i t ,  but a l so  alongside the cllannel wall  almost 

back t o  the crest .  

The discharge capacity was 131,800 second-feet with the water 

surface in the reservoir  a t  elevation 1535, while the desired m a x i m  of ' 

150,000 second-feet was with t h e  reservoir  a t  elevation 1537.4. T h i s  was 

l e s s  than t h a t  of the or ig ina l  model, wllose capacity was 139,200 second-feet. 

Tests t o  improve flaw over the c r e s t  were necessary because water 

tended t o  spring away from the end piers,  shortening the e f f ec t ive , c r e s t  

length ( ~ i g u r e  8 ~ ) .  This condition was especial ly  bad a t  the r i g h t  end 

p ie r ,  i n  the  deeper Water .near the main arch of the dam. The solut ion 

appeared t o  be the use of some type of wing w a l l  upstream from the end 

p i e r  t o  suppress t h i s  contraction. To study the problem, f i ve  curved 

wing walls o r  p ie r  extensions were pronosed (Figure 7E). A l l  of these 

designs appeared successful i n  t ha t  the contraction was e ~ m i n a t e d  t o  a 

la rge  degree, O f  the f i v e  tes ted,  wall. "C" was considered most p rac t ica l  

(Figure 8 ~ ) .  However, the improvement obtained w a s  not  as much as was 

desired, and a fu r the r  t e s t  w a s  made by extending a wall upstream from the 

r i g h t  end pier about 50 f e e t ,  s e t  at, an angle of about lsO with the 

p i e r  centerline. W i t h  this arrangement, the water surface was almost 

l eve l  i n  passing through the gates. 



The channel used i n  the revised l:100 model was unsa t i s f ac tov '  

.mainly because the degree of superelevation was so great  t h a t  water p i led  

against  and overtopped the ill-foot r i gh t  i r d l .  The cl~annel appeared t o  

have been designed f o r  iliglier ve loc i t ies  than those actual ly  occurring. 

A nevi channel was b u i l t ,  on a co~lpound curve as before, but  using r a d i i  

of 490 and 1,140 f e e t  t o  the channel center l ine  (Figure 9 A ) .  The upstream 

end of the cl~annel f l o o r  was approximately a t  the same elevation a s  t h a t  

of the previous model, but the dmstream.end was approxi~nately h.5 f e e t  

lower. In t h i s  model, the top of the cl~annel. w a l l s  vras a t  elevation 1530, 

bu t  a l i n e  was dram on the r i gh t  wall a t  elevation a 9 0  t o  represent the 

proposed top of the wall. Tlle short  cutoff wal l  bebyeen the r a i n  arch 

and the c r e s t  was extende'd upstream u n t i l  i t  was fh i sh  nith the  leading 

edge of the piers. ' . 
The model was operated by opening gates an equal mount, and by 

opening individual gates with water surface 5.n the reservoir  held a t  

elevation 1529 f o r  all discharges l e s s  than 100,900 second-feet. W i t h  

a l l  gates opened an equal amount, the flow was spread uni fomly  across 

t he  channel, being sorne;.ihnt deeper a t  the rigli t  side. Using individcal  

gates, Le t te r  flosr conditions appeared when those on t h e  l i g h t  s ide were 

opened. mien gates on the l e f t  side were opened the  flar crossed the 

channel and pi led against  the r igh t  wall. An undesirable f i n  appeared 

alongside the l i i h t  w a l l  ( ~ i g u r e  0B). 

A study was made t o  estimate the losses  i n  the channel by p lo t t ing  

a hydraulic gradient comparing the r e su l t s  ~ r i t l l  losses  found i n  ,the 

or iginal  design. In the or iginal  design, the losses  were calculated 





s t a t i o n  i n  the  channel i n  this study were expressed as the difference 

between the water surface elevation i n  the reservoir  and the elevation 

of the enerGy head above the s ta t ion  conridered. Since the energy head 

i s  tho depth of water plus tho veloci ty  head, v2, the problem resolves 
2;; 

i t s e l f  i n to  a measurement of the depth of m t e r b i n  the channel, and 

determination of velocity. 

Stat ions  0+501 2+50, and L + ~ o  were selected and the gradient assumed 

t o  ' l i e  along the center l ine  of the channel. The n a t e r  surface was pro- 

f i l e d  across the channel with a point gage f o r  discharges of 50,000, 

100,000, and 150,000 second-feet ( ~ i g u r e  1 0 ~ ) .  The area was  calculated 

by integrat ion of the depths across the  section, and the average veloci ty  

obtained by dividing the knm discharge by the area. The gradients of 

Figure 10B were based upon the veloci ty  head of these average veloci t ies .  

'Rlhile the r e s u l t s  a r e  approximate, the losses  show a reasonable r e l a t i on  

with discharge, i n  t h a t  g rea te r  l o s s  occurred i n  the channel when there 

w a s  l e s s  discharge. In contrast ,  the t e s t  on the or iginal  d e s i l  by 

pitot-tube measurements was qui te  inconsistent i n  this respect ( ~ i g u r e  5). 

The reservoir  elevation was determined with the gates raised, a t  

discllarges of 25,000, 50,000,75,000, 100,000, 125,000 second-feet, 

respectively, and a capacity of 139,000 second-feet a t  olevation 1535 

was found by interpolation.  This vras essen t ia lP j  the sane discharge as 

vras found on the or ig ina l  design. 

10. The Use of False Floor and F i l le t  t o  Improve Flow 

In designing a superelevated spillway channel, the depth of flow a t  

the lower s ide  o r  ins ide  of the  curve should be l e s s  than t h a t  a t  the 





s ide of t.he channel of the model (Figure 10A), it indicated t h a t  the 

degree of superelevation was too great. The channel was modified by 

constructing a f a l s e  f l o o r  on the r i g h t  side ( ~ i g u r e  9~). A t  the same 

time, a clay f i l l e t  was b u i l t  against  the r i g h t  wall t o  eliminate the  

undesirable f i n  previously described ( ~ i g u r e s  8 ~ ,  9A, and 9E). The 

a imprwements with these modifications were substant ia l  because the depth ' 

of flow was uniform across the channel, and the f i l l e t  materially reduced 

the s ize  of the  f i n .  

This t e s t  concluded the s e r i e s  of s tudies  v&th the 1:100 model. The 

development of the  f i n a l  design was rnade with a model t o  a 1:50 scale. 

DEVELOPEbENT OF THE FINAL DESIGN 

11, Design and Construction of the 1:50 Model 

The f i n a l  design studies of the  Stewart Mountain Spillway were made 

on a I t50  model. This la rger  scale  was necessary because the 1:100 model 

was too small t o  stucly detai led impro-rements and t o  obtain su f f i c i en t ly  

accurate discharge measurements required f o r  the  f i n a l  design. This 

1:50 model was b u i l t  sirnilar t o  the  forncr 1:100, and included a portion 

of topography upstream, the c res t ,  piers,  gates, and channel (Figure 11). 

The knoll and riverbed downstream from the chute were omitted. This 

omission was not  s ign i f ic&t '  i n  t h a t  flow over t h i s  knoll  was not t o  be 

studied, and i t s  presence or  absence v~ould rlot a f f ec t ' t he  flow i n  the 

channel which was a t  supercr i t i ca l  veloci t ies ;  Topography upstream from 

the c r e s t  was made of sand s tab i l ized  with cement. The c r e s t  was the . 

same a s  used i n  Test 2 of the prelininary design, but w i t h  piers  and gates 

added, 



1:100 model of Test 4 alined on a compound curve having-radii of 490 

and 1,140 fee t ,  and second, a channel alined onca sp i ra l  curve with 

rad i i  of 470, 560, 690, and 905 f e e t  (Figure XU). The channel similar 

t o  the 1:100 model, was not b u i l t  because of the  necessity of proceeding 

with studies of the  f h a 1  design. In view cf the fac t  tha t  the f i n a l  

design was t o  be a channel alined on a spiral ,  the only v a u e  of tests on 

t h i s  f i r s t  channel would be t o  compare t h i  flow with t h a t  of the s m l l e r  

lo100 model. Even then, such a compari.qbnwould be of l i t t l e  value since 

the roughness f ac to r  would not change as  the same materials were used i n  

both models. In  a l l ,  36 'individual tests were made on this model of the 

spiraled channel. 

12, General Performance of Model and Discharge Capacity 

The model was studied in Tests 1, 2, and 3 without any refinements, 

with the c res t  section as  it existed i n  the f ie ld ,  and with the sp i ra l  

channel attached ( ~ i g u r e  11). Test 1 consisted of three runs a t  Cis- 

charges 50,000, 100,000, and appmxim;xtely 139,000 second-fee t with the 

gates opened pa r t i a l ly  a t  -the lower discharge t o  hold the water surface 

a t  elevation 1529, and opened wide a t  the larger  discharges. The flm 

appeared to spread uniformly across the channel, indicating t h a t  it was 

correctly designed, There was some splash against the right wall down- 

stream from the crest  i n  a manner similar to  -that of the l t l O O  model 

(Figure 8 ~ ) .  Flow over the crest  was similar t o  tha t  of the l a  100 model, 

Figure 8C,'contracting a t  the ends and reducing the effective length of 

the crest.  





capacity with tha t  of the Test 4 on the 12100 model, and to provide a 

basis  of conparison f o r  l a t e r  tests a f t e r  t h e  flow over the cres t  was 

improved. These measurements were made with. a l l  gates wide open, and the 

discharges ranged froln 12,500 second-feet t o  136,000 second-feet, the 

m ~ i r n u m  capacity with the water surface a t  elevation 1535. The most 

significant aspect of t h i s  t e a t  was that the capacity of the 1250 model 

was l e s s  than that of Test 4 on 'che 1:100 model, but the comparison was so 

close when presented as  head-discharge curves t h a t  the  differences were 

not significant (Figure 1 2 ~ ) .  A more desirable comparison was t o  express 

the capacities as a coefficient of discharge, as  shown by curves of 

Figure 12B. 

Test 3 was made with the  gates removed t~ eliminate the ef fec t  of 

the sheet metal gate WE. This resulted i n  an increase i n  the spillway 

capacity t o  approximately 138,000 second-feet, but t h i s  test; was an  

irr~possible  con^-tion f o r  even with the gates completely raised and out 

of the water, the radia l  a m  were s t i l l  pa r t i a l ly  submerged i n  the stream. 

The f a c t  that the resistance .of these th in  a m  changed the capacity a 

measurable amount indicated that minor changes could be made t o  improve 

the f l m  oveY the crest. 

13. IW - rovernent of Flow O v e ~  Crest and Into Channel 

The undesirable aspects of flow over the  cres t  observed i n  the 

1 : l O O  models were present in the 1:50 model. There was a defini te  con- 

t ract ion a t  the end piers,  similar te F i c ~ r e  8C9 and a high f i n  a t  the 

r ight  wall  downstream from the c res t  (Figure 8B). Elimination of t h i s  





the  r igh t  wal l  were eliminated, the height  of the channel wal l  i n  t h a t  

region could be mater ia l ly  ;educed, Tests  4, 5,  6, and 7 considered 

means of improving the flow over the c r e s t  and i n t o  t he  channel. 

I n  Test 4, 1-inch radius wing w a l l s  (SO inches, prototype) were 

placed a t  each end p i e r  tangent t o  t h e  45' nose of the piers, as shown 

i n  Figure 1 3 A .  Although sat isfactory a t  sm11 discharges, the wing wal l  . 
on the r ight  end p i e r  was completely inadequate a t  larger  discharges, 

In Test 5, 3/4-inch radius ming walls (37.5 inches, prototype) were 

placed a t  each end p i e r  tangent t o  t h e  inside face of the, end piers .  

These wing w a l l s  vere  too small t o  improve the  fluw especial ly  a t  the  

r i g h t  end p ie r ,  It was concluded t h a t  a l a r g e r  wing wall was needed a t  

the r ight  end p ie r ,  bu t  not a t  the l e f t  end pier.  

I n  Test 6, a more general s t u a .  vas made by including four  

a l terat ions ,  o r  improvements t o  t he  model: (I) a 2-l/h-inch radius wing 

w a l l  (9.39 f e e t ,  prototype) a t  the r i g h t  end p i e r  (Figure UA); (2) a 

c lay  f i l l e t  on the r i g h t  end p i e r  betiweeh the nose of the p i e r  and t he  

offset  d m s t m a m  ( ~ i g u r e s  13A and B);  (3) a f a l s e  f l o o r  about 50 f e e t  

wide a t  the r i g h t  wa l l  extending from Sta t ion  0+10 t o  Stat ion 2+50, 

(Figure 13C); and (4) a piece + of sheet metal placed u p s t r e w  from the 

l e f t  end p i e r  t o  represent a modifica'tion of t h e  natural  topography 

upstream from the  c r e s t  t o  a slope of 1-1/2sl (Figure 13D). These 

a l te ra t ions  considerably improved the  flow over the c ~ s t  and i n t o  the  

channel. The l a rge  wing w a l l  on the r i g h t  end p ie r ,  and modified topog- . 
raphy a t  the l e f t  end p ie r  held the water  surface a t  both ends of t h e  

t7 



slay f i l l e t  on the r i g h t  end p i e r  streamlined the  p i e r  wall, tending t o  

hold the water  against  the  w a l l  and submerge the objectionable f i n  down- 

I .* 
stream from the crest .  

1 
To asce r t a in  the probable height of the r i g h t  wall, point gage 

readings were taken t o  es tabl ish the water surface on this wall, using 

a discharge of 132,000 second-feet ( ~ i ~ u r e  1 3 ~ ) .  

The pr inc ipa l  objection t o  th i s  arrangement was the  large c i r c u l a r  

wing wall a t  the r i g h t  end pier ,  which was extended b e l m  the c r e s t  

approximately h0 f e e t  , . (~rototype)  to the ground surface. Theref ore, 

Test 7 considered a more economical type of wing wal l  (Figures 1 3 A  and B), 

which extended only a short  distance belwr the c res t .  With this wing 

wall, the flow was nearly the same as before, and .the design was considemd 

tentat ively sat isfactory.  

In Test  7, six runs were made w i t h  t he  gates wide open wi th  the  dis-  

charge varied from 71,700 second-feet t o  131,900 second-feet t o  obtain 

a coeff ic ient  curve. The spillway capacity was mater ia l ly  increased such 

t h a t  a flow of 140,100 second-feet could be obtained with  the water  aur- 

face i n  the reservoir  a t  elevation 1535 (Figure 12~1. It was, therefoA,  

concluded t h a t  the  proposed spillway a l t e r a t i o n s  were worthwhile. 

15.. Comparison of Flow Through End Gates 

A wing ; r a i l  was  placed a t  the r i g h t  end pier ,  while the only a l t e r a t i o n  

at the l e f t  end p i e r  was t o  grade the ground surface upstream on a 1-1/2:1 
0 

slope. Since the  approach conditions t o  the spillway were not symmetrical, 



l e f t  end piers.  To do th is ,  Test 7 included f ive m s  t o  measure dis- 

charge wit11 the three r ight  gates open, and Test 8 included f ive similar 

runs t o  measure discharge with the three l e f t  gates open. In  Test 8, 

the flow spread across the channel t o  such'an extent tha t  it was believed 

t h a t  a f a i r  t e s t  could be obtained only i f  it were confined t o  the l e f t  

th i rd  of the channel. This was accomplished by placing a m of bkcks  

i n  the channel ( ~ i g u r e  13C). 

The procedure of the t e s t s  was t o  hold the gates open and measure . ' 

discharge a t  various water surface elevations i n  the reservoir. D i s -  

charge coefficients were then computed i n  the sam manner as with all 

gates open, and are  comparable because the coefficient of discharge is  

theoretically independent of crect length. However, a s  shown by curves 

on Figure 12B, discharge coefficients f o r  -three gates only are . less  than 

coefficients with a l l  gates open. This was anticipated because with 

three gates open there exis ts  a con t r~c t ion  not only a t  the end pier, but 

a l so  a t  the fouPth pier and t h i s  contraction a t  the fourth p ie r  reduces . 

the effective crest  length. 

hlore s ignif icant  , however, was the  f a c t  t h a t  the cseff ic ients  f o r  

the three l e f t  gates were materially l e s s  than those f o r  the three r ight  

gates. This difference was caused by three factors: (1) the lack of a 

wing w a l l  a t  the l e f t  end pier; (2) the ground surfice upstream was close 

t o  the crest near the l e f t  end pier, but approxi&tely 40 f e e t  be lm the 

c m s t  near the r ight  end pier;  and ( 3 )  i n  the superelevated ckumel down- 

stream, the drop from the cres t  t o  the channel was l e s s  a t  the left s'idti, 



prevalent a t  tha t  side. While a l l  three factors  contributed t o  the 

unsymmetrical flow over the spillway, it was not certain which was more 

important, therefore, t e s t s  were made to  establish this point. 

16. Use of Wing W a l l  on Left End Pier 

Without any other changes on the model, a wing wall having a radii. 

, of 5.13 inches (21.35 feet ,  prototype) was placed on the l e f t  end p ie r  t o  

establish the e f fec t  of th i s  factor  on discharge (Figure 1 3 ~ ) .  The runs 

were nade with three l e f t  gates open i n  the sane manr:'tr as i n  Test 8. ' 

The coefficients indicated tha t  the wing wall  increased the discharge 

capacity a small amount (Figure 1 2 ~ ) ~  but not suff icient  t o  warrant the  

construction i n  the prototype. 

17, Effect of Training Wall i n  Channel 

I n  t e s t s  t o  neasure flow through the three l e f t  end gates, a m of 

bricks were used t o  represent a training wall  t o  keep the flow i n  the 

l e f t  th i rd  of the channel, since water passing over the cres t  tended t o  

spread across the channel, To show the ef fec t  of this training wall, a 

run was made i n  Test 8 i n  which the water surface below the cent-erline 

of the f i r s t  gate was point gaged, with and ~oitliout the  training ~dl. 

No significant differences could be observed a t  l e a s t  100 f e e t  dmstream, 

The flow appeared similar i n  Test 9, where it was further observed tha t  

when the training wall was taken from the  channel, there was no.change i n  

the reservoir water surface, This w d d  indicate that  the *training wall  

had no effect  upon the discharge. 



The water surf ace along the r i gh t  channel wal l  was point  gaged i n  

Test 6 (Figure 13E). In t h a t  t e s t ,  there  was a c i rcu la r  wing wal l  a t  

the  r i gh t  end p ie r ,  and no vring wall  on the  l e f t  end pier. Later, the  

wing wal l  a t  the  r i gh t  end p i e r  was changed t o  a streamline shape, Test 7 

and a temporary wing wal l  was placed a t  the l e f t  end pier ,  Test 9 .  In 

Test 9, the water surface along t h e  r i gh t  channel wal l  was measured t o  

observe any e f f ec t s  caused by changing the wing walls. A l l  gates were 

open and the  reservoir  was held a t  elevation 1533.88, virtually the  same 
. . 

as  i n  Test 6. The water surface was nearly i den t i ca l  t o  t h a t  i n  Test 6, 

demonstrating t h a t  t he  d i f fe ren t  wing wal l  a~rangement had no appreciable 

e f f e c t  upon the flow i n  the channel. 

19. Revision t o  False Floor 

The f a l s e  f loor  used i n  Test 6 was removed and replaced by a new 

fa l se  f loor  extending from Stat ion 0+50 t o  L+50, a s  s h m  by Figure 1hA. 

A t  the sane time, the  1-1/2 : 1 sloping bank on the l e f t  s i de  of the sp i l l -  

way, upstream f romthe  crest ,  represented by a piece of sheet  metal i n  

Test 6 through 9, was replaced by sand a s  permanent topography9 f o r  t h i s  

modification of the na tura l  bank was desirable. 

Test 10 included only discharge measurements with all gates wide 

open t o  ascer ta in  the capacity o f  this design. A comparison of the 

coeff ic ient  curves, Figure 3.28, shows t h a t  the  capacity of t h i s  design 

was l e s s  a t  low heads, but  compared favorably with other designs a t  t h e  

maxim1 head. In t h i s  test, the head was measured i n  a more ref ined 

manner than formerly i n  t h a t  three gages a t  various points i n  t he  forebay 
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Differences i n  the three gages were less  than 0.10 foot, prototype, and 

t h i s  small difference was not significant being within the accuracy of 

the gage i t s e l f .  The location of the  forebay gage was not c r i t i c a l  as 

long as it was placed a t  a reasonable distance upstream from the crest .  

20. Effect on Discharge of Excavating Banlc Upstream From the Crest 

It was suggested tha t  the spillmay capacity might be increased by 

excavating the l e f t  bank upstream from the cres t  d m  t o  elevation 1490 

along the 1-l/2:1 slope, as shown i n  Figure 1h.A. Several discharge rum 

mere made and coefficients compared with Test 10. The resul t s  indicated 

an increase i n  discharge capacity of approximately 0.7 of 1 percent, but 

such a small gain was not suff icient  Lo jus t i fy  the cost of the proposed 

excavation. The idea was abandoned and the embankment replaced as i n  

Test 10. 

21. Measuremnts of Water Surface in Channel 

With the water surface i n  the reservoir a t  elevation 1535 and with 

the spillway discharging 137,200 second-feet, the water surface i n  the 

channel was measured along the channel walls and across the chamel a t  

Stations 0+50, 1 4 0 p  1+50> 2+009 2+503 3 4 0 ,  3+50, and L+OO ( ~ e s t  12). 

The water surface was considered sa t i s fac tory  along the l e f t  wall, but 

too h i g h  along the right wall immdiately downstream from the *crest 

(Figure l b ) .  Further changes were indicated t o  reduce the height of the 

water along the r ight  w a l l -  

The measurements of the water surface across the  channel are not 

included as the model was materially altered i n  l a t e r  t e s t s  by removing 



t o  note tha t  the water surface was reasonably smooth, and t h a t  the depth 
\ 

was greater a t  the  outside of the curved channel ( that  is  the l e f t  side) 

as i n  the case of a theoretically correct design. 

22. Use of Circular Wing Wall a t  End Pier 

In Test 6, a circular  wing wall  on the r ight  end p ier  was used, Pshich 

was replaced by the  smaller streamlined wing wall i n  Test 7 * (Figures 13A 

and B). In Test 9, it was demonstrated t h a t  the sldaller streamlined wing 

a a l l  would be as ef f ic ient  as the c i rcular  wing wall, but t o  verify t h i s  

further, the circular  w a l l  was rebui l t  and several runs were macie t o  

measure discharge. The discharge capacity was increased l e s s  than 

1 percent over t h a t  measured i n  Test 10, and as  f a r  as increasing the 

discharge i s  concerned, it was apparent that  the c i rcular  w a l l  had l i t t l e  

advantage aver the streamlined type, 

To compare t h i s  wing w d l  further,  the water surface along the r igh t  

channel wall was measured, but the resul t s  were not, s ignif icant ly different 

froru tha t  i n  Test 1 2  (Figure 1 b ) .  It was conclusively s h m  t h a t  the 

performance of the smaller streamlined wing wall, introduced i n  Test 7, 

was as ef f ic ient  as the circular  w a l l  used i n  Test 6. 

23. Use of F i l l e t  i n  Channel D o w n s t r e a m  From the Crest 

The primary ob3ection t o  the design of Test LO was the h i g h w a t e r  

surface along t h e  right wall. In former t e s t s  on the 1:100 model, the 

florrwas improved by placing a f i l l e t  on the channel f l o o r  alongside the 

w a l l ,  immediately downstream from the c res t  (Figure 9E). To demonstrate 

agaip $he advzntages of such a f i l l e t ,  one was placed i n  the 18.50 model 

( ~ e s t  1 3 ~ ) ~  extending from the crest  t o  Stat ion 0+80, patterned a f t e r  the  



splash along the right wall  was reduced. Measurements of the water 

surface or coordinates of the f i l l e t  were not made, since it' was planned 

, t o  improve the shape of this f i l l e t  i n  later tes ts .  
I 

24. Use of Long F i l l e t  Alongside Left Channel Wall 
" 

After preliminary runs mith the arrangement of Test 1 3 A ,  the f i l l e t  

and false f loor  of Test 10 were replaced ( ~ e s t  14) with a long f i l l e t  

al-ongside the r ight  channel w a l l  (Figure Ih). This new f i l l e t  was f o m d  

by shaping and reshaping u n t i l  satisfac6ory flow conditions were obtaucd. 

Coordinates of the f i l l e t  were then determined by point gaging (see table 

fo r  Test 14 i n  Figure a). 
With the gates completely raised, and with the reservoir level  a t  

elevation 1535;aOa the water supface along the r ight  channel wall  was 

point gaged. Comparison mith the data of Test 12 (Figure l b )  shows t h a t  

the height of the m t e r  surface along t h i s  m a l l  was appreciably reduced 

I indicating a definite advantage i n  the use of the f i l l e t ,  

25. Modification of Sloping Bank Upstpeam From Left Pier 

The sloping bank upsj,ream from the  l e f t  end p ie r  was revised ( ~ e s t  a) 
as shown i n  Figure 1b.A t o  improve the approach conditions and increase the 

1 discharge capacity as it was possible tha t  the embankment developed i n  

Test 10 was not large enough. Preliminary nuzs indicated that  the f P m  

with this new enbanianent would be satisfactory: but no discharge measure- 

# ments were made u n t i l  other t e s t s  .were co~qle ted .  

26. Gate Operating Schedule 

The need f o r  a gate uperatine, schedule was indicated. Prior t e s t s  on 

the 1:50 model had been made with a l l  gates opened equally, resulting i n  



design condition f o r  t h i s  channel. I n  ac tua l  operation of the  prototype 

structure,  it w i l l  seldon be necessary t o  require a l l  gates to be .opened, 

, and f o r  most releases it may be more convenient t o  use individual gates ' 

f u l l y  opened. A study (Test 14) was made by operating the individual 

gates, then various combinations of trrpo, three, and f ov:: gates, Through- 

out t h i s  study, the water surface was held a t  the normal reservoir  eleva- 

t i o n  of 1529.0. It was found tha t  when cer ta in  gates.and cer ta in  groups 

of gates were opened the  flow conditions i n  the channel were not satis- 

factory. To f a c i l i t a t e  the f o l lming  discussion, the gates w i l l  be 

numbered consecutively, 1 t o  9, from r igh t  t o  l e f t ,  a s  means of t he i r  

ident i f icat ion.  

When Gate 1 o r  aqlr consecutive group of gates,  beginning with  Gate 1, 

were opened the flow conditions were sat isfactory.  

When Gate l w a a  closed and G a t e  2 o r  any consecutive gruup of gates, 

i beginning with  Gate 2, were opened the-conditions were not sa t i s fac tory  

because the f l a v  p i led  against the r i g h t  wall  t o  form a f i n  a s  shown i n  

Figure 1SC. 

When Gates 1 and 2 were closed and Gate 3 o r  any consecutive groups 

of gates, beginning ~ 5 t h  Gate 3, were opened the conditions were not 

s a t i s f a ~ t o r y  because the  flaw pi led  ag;rinst the  r i gh t  wal l  i n  the same 

manner a s  with Gate 2 open. 

I - *  
W i t h  Gate 4 open t.he water p i led  against  t h e  r i gh t  wall, but not 

i - suf f ic ien t ly  high t o  overtop it, 





not suf f ic ien t  t o  overtop them. 

With Gates 6, 7, 8, o r  9 open the water p i led  aga ins t  the  l e f t  w a l l ,  

but  no t  su f f i c i en t  t o  overtop it. 

It follows tha t  consecutive combinations beginning with Gate 1 or  

combinations of Gates k, 5 ,  6, 7, 8, and 9 may be used sa t i s f ac to r i l y ,  

When a l te rna te  gates were discharging, high f i n s  formed between them 

d i r ec t ly  dawnstream from the closed gate (Figure 1 9 ) .  If a l t e rna t e  

combinations of gates were d e s i ~ d ,  it appeared tha t  combinations such a s  

1 and 4, 1 and 5, 1 and 9 would be more suitable.  

From the observations made i n  t h i s  t e s t ,  it was recommended t h a t  the 

gates be opened consecutively beginning with Gate 1, and under no circum- 

stances should Gates 2 or 3 be opened unless Gate l w a s  already open. 

27. . Pressures i n  Bucket Dmstream From Crest 

The proposed spillway channel w i l l  be joined t o  the  exis t ing c r e s t  

sect ion by a 30-foot radius bucket f a i r ed  i n t o  the c r e s t  t o  complete t he  

ogee from the  c r e s t  t o  the spil lway channel. It was desirable t o  ascer- 

t a i n  the  pressures i n  t h i s  bucket (Test 15). Piezometers were ins t a l l ed  

along the centerl ines of tihe second and the fou r th  gates from the r i gh t  

end of the spillway (Figure 1 6 ~ ) .  Pressures were f i rs t  measured with a l l  

gates open wide and t h e  water surface i n  the reservoir  a t  elevatibn 1535.0, 

and then rmasured f o r  various gate openings with the w a t e r  s w f a c e  at 

elevation 1529.0. In  all, cases pressures were posi t ive  and apparently 

greater  than the depth of water over the piezometer. A s  indicated on 

Figure 1 6 ~ ,  the pressures were  s imi la r  a t  both positions. 



The f i l l e t  along the r igh t  wall yequired simplification f o r  

construction i n  t he  prototype since the f i l l e t  developed i n  Test lh was 

too high near the c r e s t .  The f i l l e t  w a s  a l t e r e d  as given 'by the t ab l e  

fo'r Test 16, i n  Figure u. It also appeared desirable t o  change the  

alinement of: the  r i g h t  wall imniediately downstream from the c r e s t  by 

sh i f t ing  it inward t o  be flush with the end p i e r  and eliminate the s t e p  

or  o f f se t  between the wal l  and pier.  This a l t e r a t ion  was accomplished in 

the model by a f i l l d r  as  shown i n  Figure I.4.A. 

To ascer ta in  i f  these changes made any improvement, point gage 

readings of the water svxface alongside the l e f t  wall were taken i n  the 

same manner as  those ol" Test 12 and 4. As shown by Figure aC, some 

improvement w a s  obtained i n  tha t  the  height of the  water surface was 

decreased a t  severa l  points .  

29. Streamlined Wing W a l l  and Pressures i n  Water Below Crest 

In  Test 13 the  streamlined wing w a l l  on the r i g h t  end p i e r ,  introduced 

i n  Test 7, was replaced by a c i rcular  wing w a l l  previously used i n  Test 6 

(Figure 11). A t  t ha t  time it was concluded t h a t  the different  wi?g w a l l s  

had iio app~~eciab le  e i f e c t  ip,:i flow i n  the channel.. As  the streamlined 

wing waU. was smaller and more economical t o  bui ld ,  it was se lec ted  f o r  

the  f i n d  design and was again placed on tk model. Test 1 7  was  made t o  

measure the water surface alongside the r i g h t  channel wall  t o  compare with 

measurements obtained i n  Test 16, when the c i r cu l a r  wing waL7, was used, 

The r e su l t s  were nearly ident ical .  



bucket where pressures were increased by centr i fugal  force. In  the  channel 

i t s e l f ,  there was p a r a l l e l  flow and a normal hydrostatic var ia t ion  of pres- 

sure with depth. It was uncertain as t o  how f a r  downstream the  e f f e c t  of 

the  curvil inear flaw extended. To d e t e d n e  t h i s ,  the var ia t ion  of pressure 

with depth was measured by s t a t i c  tubes at several  s eck ion~  downskream from 

the buckeet, and along the. centerl ine o r  t h e  second gate from tha r i g h t  end 

p i e r .  Two ty-pes of s t a t i c  tubes were used t o  check the r e s u l t s  of one 

against  the other.  A s  shorn i n  Figure 1 4 ~ ,  pressures a t  the end of the 

bucket a t  S ta t ion  0+50 were nearly twice the normal hydrostatic var ia t ion  

indicating curvi l inear  flow i n  t h i s  sect ion.  The measurements of pressure 

with depth extending downstream 60 f e e t  (prototype) indicate t h a t  the  

var ia t ion of pressure with depth becomes nearly hydrostatic approximately 

30 f e e t  downstream from the bucket. 

30. Determination of Height of Channel W a l l s  and Use of Overhanging Sea 

Wall on Right Channel Wall 

When improvements t o  the spillway and channel f l o o r  were completed, 

s teps  were taken t o  determine the f i n a l  height of the  channelwalls.  The 

proposed walls i n  the prototype were t o  extend 5 f e e t  above the maximum 

1 water surface computed by the Design Section. The actual  top of the  walls 

i n  the model was a t  elevation 1529.0 ( ~ i ~ u r e  1 5 ~ ) .  As revisions were made 

t o  the c r e s t  and channel f loor ,  the height of the water s~u-face was meas- 

ured along the walls. The top of the  proposed and revised w a l l s  were 

sketched on this t e s t  wall as shown by the l i g h t  l i ne s  of Figure 1%. 
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The average and maximum water surf ace, f o r  maximum discharge, was measured 

by a point  gage and p lo t ted  as  shown in Figure 17D. This water surface , 

was qui te  uniform and close t o  the  theore t ica l  water surface computed by 

the Design Section. The proposed w a l l ,  5' f e e t  above the theore t ica l  water 
I 

surface, was sa t i s fac tory  and could be used i n  the f i n a l  design. 

The height of the r i g h t  wall  could not be es tabl ished i n  t h i s  manner 

. ( ~ e s t  19). The proposed wall ,  5 f e e t  above the *theoretical. Water surface, 

was below the actual  water surface between Stat ions  0+30 and 1+25, and 

between Stations 2*00 and 2+25 ( ~ i g u r e  17E). In previous t e s t s ,  the  height 

of the water surface was reduced a s  much as possible by using a f i l l e t  on 

the channel f loor  alongside the r i gh t  w a l l ,  but it was necessary t o  increase 

' the height of the wal l  over the designed height. This was done between 

Stat ions  0+37.5 and 2+50 a s  shown i n  Figure 17E. Even with this higher 

w a l l ,  the water surface came nearly t o  the top, a& the desirable freeboard 

i of 5 f e e t  did not ex i s t .  Since it would r,ot be economical t o  increase the 

height of the wall ,  an overhanging l i p ,  o r  sea  wall, was placed along the 

top between Stat ions  0+70 and 3+00 as shown i n  Figures 17B, 17C, 1Z, 

and 18D. Flow conditions along this w a l l  were observed f o r  various c o w  

I binations of gates discharging t o  observe the effectiveness of the sea 
6 

w a l l  ( ~ i g u r e  1 8 ~ ) .  The study indicated t h a t  the  sea w a l l  should be 

extended upstream to  Stat ion 0+64 and downstream t o  S ta t ion  3+50 t o  con- 

. ' t r o l  a l l  high points of the water surface along the w a l l .  

31. Vater Surface Profiles Across Channel 

With the sea wll ins ta l led ,  the f i n a l  d e s i p  was obtained, t he  water 

surface across the  channel was neasured ( ~ e s t  19 )  at  various s t a t i ons  and 







su f f i c i en t ly  t o  maintain the reservoir  a t  elevation 1529.0 with a dis- 

charge af 50,000 second-feet. Point gage readings were taken across the  

channel a t  Stat ions  O+SO, 1+50, 2+50, 3+5O, and 1:+50, t o  measure the depth 

of water in the channel. The gates were completely ra ised and the water 
, 

sukface held a t '  elevation 1529.2 t o  give a discharge of 100,000 . second-feet, 

and point gage readings were again taken across t he  sections. The t h i r d  

run was similar,  with the gates raised,  t h e  water surface a t  elevat,ion 1535.0 

and the discharge l.40,000 second-feet. The r e s u l t s  a r e  shown on Figure L7C. 

32. Calibration of Model f o r  Free Discharge Over Crest, and With All Gates 

a t  Same Openings 

When an acceptable design of the spillway was obtained, the  model was 

calibrated ( ~ e s t  20)  t o  provide ra t ing  curves of discharge i n  the  proto- 

type ( ~ i ~ u r e  1 9 )  showing the r e l a t i on  of discharge t o  water  surface 

elevation. I n  previous t e s t s ,  coeff ic ient  curves were used t o  compare the  

capacity of the  different  spillway designs. 

A prototype ra t ing  curve f o r  f r e e  discharge over the c r e s t ,  showing 

the  r e l a t i on  between reservoir  elevation and discharge,was computed from 

a model coeff ic ient  curve ( ~ i g u r e  19~). Seventeen runs were nade on the  

model with the gates f u l l y  ra ised t o  measure discharge a t  various water 

I surf aces between elevation 1506 and 1535. The coeff ic ients  were computing 

w i n g  the r e l a t i on :  U = CLH~/*,  where Q = discharge, C = the coeff ic ient ,  - . L = the c r e s t  length, and H = head i n  reservoir  a h v e  the c res t .  
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opening 
f e e t  
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runs made elevation i n  t e s t  

In applying t h i s  data t o  prototype, a method of analysis was used which 

subordinated the influence of ind iv idml  readings t o  the  general trend in 

a manner s imilar  t o  the analysis with the gates completely raised.  .The 

empirical expression Q = K (~-b)"  was used where Q = discharge, H = the  

head, and b, K, and n = constants t o  'be determined. The r e l a t i ons  of 

Q and H were p lo t ted  on log-log coordinates. a proper select ion of 

the value of the  constant b, the  re la t ions  of Q and I&-b plo t ted  a s  a 
I 

s t r a igh t  l i n e  on log-log coordinates. Then from the expressions of data . 

as  log Q a?d log H-b the values of K and n may be determined l e a s t  squares, 

by connecting t o  prototype terms, and by interpolat ion the curves of 

Figure 19h, f o r  various gate openings were obtainad. 

The curve f o r  f r e e  flow over the c r e s t  was not joined with tile curves 

f o r  discharge with the gate p a r t i a l l y  open since there is a discon;\,inuity 

or  unbalanced condition between the two types of flow. If the water surface 

in the reservoir  is  held constarit, and the gates ?ze closed from t h e  wide 

open posit ion,  f r e e  discharge over the c r e s t  w i l l  occur u n t i l  the  gates 



the gate of  suf f ic ien t  force t o  cause the nappo downstream from the gate  

t o  contract reducing the effect ive area of the  j e t  and reducing the 

b discharge. A similar s i tua t ion  occurs when the gates are being ra i sed .  

A t  the opening wi.lere the  nappe breaks from the gate t o  flow f ree ,  the 

I - discharge increases. No t e s t s  were made t o  study t h i s  condition beyond 

general observation because of the d i f f i cu l ty  of holding the water s u ~ f a c e  

in the forebay of the model constant while a sudden change of discharge 

occurred. 

33. Simpfification of Right Wing Wall of Spillway 

A s  shown i n  Figure 1 3 B ,  the bottom of the wing wal l  a t  the  r i g h t  

, s i t e  of the spillway w a s  f ormet by a sloping f i l l e t  with.  a warped surface. 

below elevation 1502.0. As  such a f i l l e t  would be d i f f i c u l t  t o  form i n  

concrete, it was proposed tha t  a f l a t  bottom be used i f  s imi la r  flow 

conditions cculd be obtained by extending the wing wall downward several  

f e e t  below the or ig ina l  position. A long wa l l  was placed i n  the forebay 

a t  the l e f t  t o  i so l a t e  t h i s  gate (Figure 20~). 

The discharge and head w e r e  measured with f r e e  discharge f i r s t ,  o i t h  

the f i l l e t  on the bottom, Figure 133, ( ~ e s t  21); second, with a f l a t  

I bottom and the wing wall  a t  elevation l.497.0 ( ~ e s t  22); and third,  with 

a f l a t  bottom a t  elevation 1.502 ( ~ e s t  23). There was no appreciable 

e f f ec t  on the discharge capacity. Therefore, the pro totype design 

included a w i n g  wall  a t  the r i g h t  end with a f l a t  bottom a t  elevation 1502. W 
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In  addit ion t o  operating the spillway with all gates open the same 

amount, it may a l so  be operated by opening individual gates. A s  suggested 

i n  Test a, a sat isfactory schedule would be t o  open the r i g h t  gate, 

Gate 1, f i r s t ,  then the adjacent gates consecutively. The r i g h t  gate was 

cal ibrated with  the adjacent gate closed, and then calibrated with it 

open, because the contrhction oC t h e  nappe a t  the  l e f t  s ide w i l l  be 

changed, a f fec t ing  the discharge capacity. In Test 23, the gate-was held 

open and the f r e e  flow over the c r e s t  measured. The long wing w a l l  shown 

i n  Figure 2OA was placed a t  the l e f t  p i e r  t o  suppress the flow i n  a manner 

s imilar  t o  the  adjacent gate being open. Test 28 was s imilar ,  but v i t h  

the  long wing w a l l  removed t o  represent  f r e e  flow through t k e  r i g h t  end 

gate with tne adjacent gates closed. The procedure of  the t e s t s  and 
3 

method f o r  obtaining these curves was similar t o  t ha t  described in Test 20. 

I n  Test 29, the r i gh t  end gate was c u b r a t e d  for  p a r t i a l  openings 

with the water surface i n  the reselvoir  a t  various elevations. The curves 

f o r  p a r t i a l  openings and f r ee  discharge are  shown i n  Figure l 9 A .  Since 

the long wing wal l  a t  the l e f t  p i e r  used i n  Test 23 has been removed, 

Test 29 represented the flow through the r i gh t  end gzte with the adjacent 

gate closed. During t h i s  t e s t ,  it was observed t h a t  vor t ices  would form 

a t  e i t he r ,  or  both, s ides  of the gate, usually when the gate was a t  a 

wide opening and when the head of water on it was not large.  Some t e s t s  

were made by placing the long wall  on the l e f t  p i e r  t o  suppress these 

vort ices .  No material change could be observed and it was concluded t h a t  

the  model was not sensi t ive  enough t o  warrant a study of t h e i r  effect .  



wall a t  the l e f t  p i e r  i n  place which would represent  the  condition with 

the  adjacent gates  also b a r t i a l l y  open. It vm,s believed t ha t  such a 

ca l ib ra t ion  vrould not d i f f e r  great ly  from t h e  curves shown, i n  Figure 19A. 

35. Calibration of Flow i n  Center Gates 

If the reconmended operating schedule i s  follo~ved,  a f t e r  t h e  r i g h t  end 

gate ,  Gate 1, is open, the adjacen.t gates ,  Gates 2 t o  8, w i l l  be opened 

consecutively. Thus the  flow through each of these gates must be .cali- 

brated f o r  two conditions: (1 )  wi th  the  adjacent gate to  the r i g h t  open, 

(2 ) with the  ga t e s  on each s ide  opened. If each. gate  were t h u s  cal ibra ted,  

these would be a duplication of work, f o r  it may be reasonably assumed 

t h a t  the ca l ib ra t ion  of  any one of the seven center gates will be repre- 

senta t ive  of t h e  others .  Gate 5 in the  center  of the  c r e s t  w a s  s e l ec t ed  

' f o r  the t e s t s .  In Tests 30 and 31, a s i n g l e  long wing wall  s i m i l a r  to 

t h a t  shown in Figure 20A, was placed a t  t h e  r i gh t  p i e r  of Gate 5 t o  give 

the same approach conditions t h a t  would occur i f  t he  adjicent  ga tes  t o  

the  r igh t  were opened. In Tests 2.4 and 25:, two wing walls  were used, 

one a.t each s i d e  of the gate,  t o  give the same approach conditions t h a t  

would occur i f  adjacent gates on both s i d e s  were opened. These t e s t s  were 

conducted i n  the  sarne manner as  the ca l i b r a t i on  of the  r igh t  end gate.  

The r e su l t s  of Tests 30 and 31 m e  shown i n  Figure 19B and the r e s u l < =  df 

Tests 24 and 25 iii Eigure 19C. The curves f o r  a gate  pa r t i a l l y  open a r e  

not v a l i d  if t h e  adjacent gates  are no t  a t  the same opening a s  t h e  one 

under consideration . 



. I n  the suggested procedure f o r  opening the  gates i n d i n d u a l l y ,  

Gate 9, a t  t he  left end, M i l l  be opened l a s t .  Since the embankment a t  

!. the s ide  would cause an approach condition pecul iar  t o  t h i s  gate,  it w a s  

. cal ibrated separate ly .  A long wing w a l l  was placed' a t  the r i g h t  p i e r  of 

t h i s  gate t o  represent  the  approach condition t h a t  would occur i f  an 

I adjacent ga te  t o  the r i g h t  were opened. The procedure f o r  t h e  ca l ib ra t ion  

was similar to  t h a t  f o r  the previous t e s t s ,  and the  r e s u l t s  a r e  presented 

as shown 5n Figure 19D. The c * m e s  f o r  spec i f ic  gate openings are v a l i d  

only i f  the adjacent gates a r e  opened the  same amount as  Gate 9. 

37. Veloci.cy Dis t r ibut ion in the Channel 

It was dss i rable  to measure the  ve loc i ty  distxibution in this f i n a l  

design f o r  a comparison with theore t ica l  ve loc i t i es  upon which the  design 

was based. Veloci t ies  were measured on t h e  o r ig ina l  design of the  

1:100 model, but  the msults were unsat isfactory because t h a t  model was 

too  small. I n  t h i s  Test 32, on the  f i n a l  design, the  ve loc i t i e s  were 

measured a t  15 posi t ions  indicated i n  Figure 21B. The dischanges were 

50,000, 100,000, and 130,000 second-feet, with the  water surface a t  

elevation 1529.0 f o r  the  smaller discharges and elevation 1536.0 f o r  the  

mer i rm  discharge. The p i to  t tube used was a spec ia l  s t a t i c  l e g  type 

being small i n  diameter t o  give a min imum disturbance t o  the flow. Since 

the  dynamic pressure on& was recorded, t h e  s t a t i c  pressure had t o  be 

w determined by the depth o f  the water. The r e s u l t s  of these measurements 

n 
are shown on Figure 2lA, and are  compared with t he  theoretical. ve loc i t i es .  

The t heo re t i ca l  v e l o c i t i e s  were based upon a drop from elevat ion 1523.0 



veloc i t i es  are shown a's increasing with depth although it might be argued 

t h a t  they should be constant with respect  t o  .depth t o  account f o r  t h e  

s t a t i c  head. The ve loc i t i e s  wore higher (Figure 2 1 ~ )  at  the , r i g h t  s ide  

of t he  channel as ant ic ipated,  arid somewhat l e s s  than the  t heb re t i ca l  

veloci t ies .  It appears from these curves t h a t  t h e  losses  increase down 

the  channel f o r  the  difference between t h e  measured and t heo re t i ca l  

ve loc i t i e s  at  S t a t i on  4+50 i s  greater than  upstream, but t h i s  d a ~  is too 

i r r egu la r  to draw any def in i te  conclusions. 

38. Splash Over Spillway Walls .- 

During demonstration runs on the f i n a l  design, it  was observed t h a t  

p a r t i c l e s  of water  splashed over the .walls, espec ia l ly  a t  large discharges. 

It was impossible t o  p red ic t  what form this splash would take i n  the  

prototype, whether it ~ o u l d  be as spray o r  as  slugs of  water. To show -the 

ex ten t  of this splash,  a s t u w  ( ~ e s t  33) w a s  made with a l l  gates wide open 

and with the  water surface i n  the reservo i r  a t  e levat ion 535.0 t o  obtain 

&mum discharge. A s t r i p  o f  building Faper was fas tened t o  each w a l l  

and when a p a r t i c l e  of water s t ruck t h e  paper, a s t a i n  resu l ted  which 

could easi ly  be seen. The splash over t he ' r i gh t  w a l l  (Figure 2 0 ~ )  was  

not serious,  although some spray s t ruck  the  paper about 1 0  f e e t  (prototype ) 

above the w a l l .  The splash along the ' l e f t  w a l l  w a s  more severe (Figure 20C 

The pa r t i c l e s  of water were concentrated between S ta t ions  9+30 and 2*30 

with a maximum splash height of LO f e e t  (prototype ) above the w a l l  a t  

S ta t ion  1+00. Such spray might be se r ious  i n  the prototype on?y if the  

spil lway were operated a t  maxirmun capacity f o r  a long period of  time. 

Since t h i s  w a s  unlikely,  the  condition was  no t  considered c r i t i c a l .  #. 



The discharge coeff ic ients  of the f i n a l  design ( ~ e s t  34) were 

measured f o r  a cor;lparison with the  previous t e s t s  t o  show the e f f e c t  of 

the various changes upon the capacity 01 the spillway, made a f t e r  the  

.design described i n  Test 10. Briefly,  these changes were, a long f i l l e t  

i n  the channel downstream from the c r e s t  alongside the r i g h t  wall, a 

f i l l e t  on the r i g h t  m a l l  immediately downstream f'rom the p i e r  t o  make the 

scrface of the wal l  f l u sh  with the pier ,  the instLLlation of a sea  wall, 

m dif ica t ion  of the sloping bank upstream from the  l e f t  p ie r ,  and simpli- 

f i c a t i on  of the bottom of the  wing wall on the  r i g h t  end pier .  These 

changes increased the coeff ic ient  ( ~ i g u r e  1 2 ~ )  s l i g h t l y  over t h a t  of 

Test  10  a t  t h e  lower discharges, but had no mater ia l  e f f e c t  a t  the  higher 

discharges. 

bO. Discharge Coefficients With Spillway Channel Removed 

To show conclusively the  e f f ec t  of the  channel on the  discharge 

capacity of the  spillway, Test 35 was made with the spillway channel 

re~mved, and coef f ic ien ts  were measured and compared with those of 

Test 34. m i l e  no difference could be noted a t  the lower discharges, the 

discharge capacity was increased about 2 percent with the  maxinun flow, 

with tho water surface a t  e levat ion 1535.0. Evidently, the flow over the  

c r e s t  was p a r t i a l l y  submerged by the channel a t  the high discharges, 

probably a t  the  ' l e f t  side.  

41. Discharge Over Crest  With Piers  and Channel Removed 

To show the e f f e c t  -of the  changes upstream from the  c res t ,  t he  

p i e r s  and channel were removed so the  model was similar t o  Test 2 of 






